The aim. To study new cyanine dye 
lecular Probes» (USA) (now «Invitrogen») [10, 11] , as a new highly sensitive fluorescent stain for DNA detection in agarose gels.
Materials and methods. A series of LO dyes were synthesized as previously described [12] . pBR322 plasmid DNA («Fermentas», Lithuania) in TE buffer (100 ng/µl) was serially diluted with TE to obtain samples with concentrations of 100, 50, 25, 12.5, 6.25, 3, 1.5 and 0.75 ng/ml. For sensitivity assay, plasmid DNA was restricted with BstNI enzyme («Fermentas») and then serially diluted (1:4) to get 4 samples with DNA concentrations of 23, 5.75, 1.44 and 0.36 ng/ml. DNA samples for mobility shift assays were incubated for 30 min with LO dye before loading the gels. Agarose gel electrophoresis was performed in 0.5´TBE buffer. DNA samples in TE buffer were loaded on the gel after adding the tracking dyes xylene cyanol and bromophenol blue in 30 % glycerol to concentration 0.025 %. Electrophoresis was run for 1.5 h at a constant voltage 100 V (~50 mA). The gel was stained for 30 min at room temperature in LO-7 solution prepared by diluting the stock (20 mM in dimethylsulfoxide) with water (1: 10000). DNA bands were detected with a UV-transilluminator Macrovue 2011 («LKB», Sweden) or laser gel scanner PharosFX Molecular Imager («Bio-Rad», USA). The rates of dissociation of dye-DNA complexes under the conditions of gel electrophoresis were determined according to [13] . Fluorescence spectra were obtained with Cary Eclipse spectrofluorimeter («Varian», Australia).
Results and discussion. A series of new asymmetric monomethine cyanines LO (Lepidine Orange derivatives) with dialkyl-or arylalkylamino group at C-2 position of quinoline ring have been recently synthesized as potential DNA topoisomerase I inhibitors [12] . Five compounds of this series were found to completely inhibit this enzyme in DNA relaxation test system in vitro at concentration 2-10 mM, with IC 90 value~1 mM for the most active inhibitor. We have found that these virtually non-fluorescent compounds strongly interact with nucleic acids to form highly fluorescent complexes, thus allowing sensitive visualization of double-stranded DNA in agarose gels. The most efficient DNA stain LO-7 has been studied in detail in this work.
The binding of LO-7 to dsDNA results in great fluorescence increase (Fig. 1 ). Excitation and emission maxima l max ex/em are 476/625 and 485/625 nm for free and DNA-bound dye, respectively. A large Stokes shift (140 nm) is observed.
The dependence of relative fluorescence of LO-7-DNA complexes in the gel on DNA quantity is shown in Fig. 2 . Fluorescence intensity sharply increases between 0.5 and 15 ng DNA, and the curve approaches saturation above 30 ng. The linear dependence allowing DNA quantification is observed in the range 0.5-5 ng.
LO-7 is a highly sensitive DNA stain. Fig. 3 , A, shows a gel with various amounts of DNA (from 23 to 0.36 ng per band). BstNI restrictase cuts pBR322 at 6 discrete sites resulting in fragments of 1857, 1060, 929, 383, 121 and 13 base pairs (bp). The amount of each fragment in the lane was calculated from the total DNA concentration in the given sample multiplied by the fractional length of the DNA fragment relative to the total length of pBR322 (4361 bp). Thus the minimum quantity of dsDNA detected with a gel scanner at 488 nm is the 929 bp fragment, which corresponds to 77 pg. According to published data, the limit of detection of dsDNA in agarose gel is 0.5-5 ng for ethidium bromide, 0.5 ng for TOTO, 60 pg for SYBR Green I and 25 pg for SYBR Gold, the most sensitive fluorescent DNA stain currently available [2] . The minimum amount of dsDNA to be detected with SYBR Green I with common 365 nm UVtransilluminator was found to be 0.15 ng, whereas the detection limit for LO-7 is about 0.3 ng DNA for the same sample (Fig. 3, B) . Thus LO-7 sensitivity is much higher than that achieved with ethidium bromide or TOTO being comparable to that of SYBR Green I.
Electrophoretic mobility shift assay was used to characterize LO-7 binding to dsDNA. This assay simultaneously provides information on the stability, mobility and fluorescence of complexes [10] . A retardation of DNA band indicating the dye binding was observed upon increasing the dye/base pair ratio (dbpr) of prestained DNA samples above 0.05. Sharp bands become diffuse and less intense at dbpr over 0.1 that may be due to the partial degradation or denaturation of DNA (Fig. 4) . Dissociation half-time for LO-7 complex with pBR322 DNA in agarose gel was found to be ca. 15 min (for comparison, the reported t 1/2 values for TO and ethidium bromide complexes are about 4 min under the same conditions [13] ). As complex is sufficiently stable under electrophoretic conditions, LO-7 can be used to stain DNA either after or before the electrophoresis (pre-staining).
Fluorescent detection of nucleic acids in the gel depends on the availability of dyes binding to them with high affinity and large fluorescence enhancement [1, [5] [6] [7] [8] 13] . Strong binding of LO-7 to dsDNA is confirmed by both large emission increase upon interaction with DNA and mobility shift data, and is in full agreement with efficient DNA topoisomerase inhibition by this compound.
In conclusion, we propose a new cyanine dye LO-7 as a highly efficient reagent for DNA visualization in electrophoretic gels. Its remarkable sensitivity far exceeds that of classic ethidium bromide and is close to that of the current standard, SYBR Green I. This makes LO-7 useful for various biomedical applications, including the PCR, DNA quantification in restriction fragment mapping, band shift experiments, etc. Acknowledgement. This work was supported by the NAS of Ukraine program «Fundamental problems of the development of new substances and materials for chemical industry» (grant N 30-13 
